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Lorspeed tests were made in the Langley 19-foot  pressure tuzlnel t o  
determine t h e  aerodynamic  characteristics in yaw of a 52O sweptback wing 
of aspect  ratio 2.88 and taper  ratio 0.625 with NACA &,-X airfoil 
sections. The tests  included an investigation of the effects on t h e  lateral 
stability of a fuselage and leading-edge and split  flaps.  Air-stream 
surveys were  conducted to determine the sidewash  characteristics in the 
region  of a vertical tail. The data were obtained at Regnolda  nuribere 
of 1.93 X 106, 4 -35 X IO6, and 6 .oo x lo6. 

The maximum value of the effective-dihedral  pEtrameter obtaFned for 
the plain wing was about 0.0043 at a lift  coefficient of 0.95. A t  
higher  lift  coefficients t he  dihedral  effect  decreased  rapidly  and becam 
negative. The CombFnation of leading-edge  flaps,  split  flaps  and  fencea, 
extended the  range of fncrease  of t h e  effective-dihedral  parameter with 
lift  coefficient  up to t he  mxxlmum lift  coefficient. The plain wfng was 
direction- stable  up to a Uft coefficient of 0.76 and this was 
increaaed  to  higher  lift  coefficients  when the  leading-edge flaps and 
split  flaps  were  deflected,  but in a l l  cases the  wing  was directionally 
unstable  near t he  maxlmrrm lift. The low-wing cambination and the high- 
wFng  combinaticm had lower  and  higher  values  of  effective  dihedral,  reepec- 
tively, than the plain  wing. The magnitudes  of "the differences  were  of 
the same order as had been experienced on other swept and  unswept wings. 
The scale  effect was appreciable Fn the Reynolds n-er rangs 
from 1.93 X 106 to 4.35 X 106 but  was  moderate fn the range 
from 4.35 X 106 to 6.00 X 106. 
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I IVTRODUCTIO~ 

RACA RM No. LsHl.2 

Investigations  of the lateral s t ab i l i t y  of sweptback wings have 
shown that except a t  low anglee of attack, the l a te ra l - s tab i l i ty  
pa.pmeters m e  primarily dependent on the stalling characterist ics of 
the wing. The s ta l l ing  character is t ics ,  in turn, a r e  determined by 
such factors  aa the a i r fo i l   sec t ion  employed, the angle of w i n g  sweep, 
the aspect  ratlo,  the Reynolds number, the  high-lift  devices used,  and 
the  interference  effect  of other airplane cnmponents such as a fuselage. 
A general Investigation is be- conducted in the Langley 19-foot  prea- 
8ure tunnel t o  separate the interrelated actfans of these mxriaus 
factors  and t o  study their effects an the static l a t e ra l   s t ab i l i t y  of 
swept wings. Previous Fnvestigations have been  conducted on wings 
of 420 sweepback cind are  summarized i n  references 1 and 2 .  

The present  investigation has been conducted t o  determine the 
e f fec ts  of Reynolds number, leading-edge and s p l i t  flaps, and a fuselage 
on the la teral-s tabi l i ty   character is t ics  of a 9 0  sweptback wing. A i r -  
stream surveys Fn 'the regLon of a ver t ica l  tail were also made to  ascer- 
tain the ef fec ts  of low aspect   ra t io  and large sweepback angle on the 
sidewash characterist ics.  The longitudinal  characterietics of the 
basic w i n g  and the wFng wikh s p l i t  flaps have been presented in reference 3 .  

The data are referred to a system of axes sham in figure 1. All 
moments f o r  the Xing-fueelage combinations are referred t o  the assumed 
center of gravity, which is located on the fwelage  center   l ine and i n  
a plane normal t o  the fuselage  center line that passes through the quark-  
chord  point of the mean aerodpamic  chord- The mcment data f o r  the wing 
alone  are refemed t o  the quarter-chord  point of the mean aerodynamic 
chord  projected t o  the plane of ~ymmtry .  Standard IUCA symbols a re  
used, which a r e  defined a8 follows: 

CL l i f t  coefficient ( 9 1  
cLmax maxhum l i f t  coefficient 

cD drag coefficient (D/qS) 
l o w i t u d m - f o r c e   c o e e i c i e n t  (X/qS) 

CY lateral-force  coefficient ( Y / ~ s )  

cm pitching-momant coefficient (M/qSE) 

C'Z roning--nt coefficient ( ~ / q ~ b )  
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drag, -X at zero yaw 
longitudinal  force 

lateral  force 

vertical  force 

rolling  mmnent 

pitching  moslent 

y a m  mament 

angle of attack  of  wing  chord l ine,  degree8 

angle of  yaw,  poeitive when right wing is back, degrees 

wing  area 

local  chord parallel to plane of s-tq 

mean aerodynamic  chord measured parallel to plane 

spanwise  coordinate 

free-stream dynamic pressure 

dynamic  pressure at  region  of tail 
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v free-stream  velocity 

P me8 densitg of air 

R ReynolJB number ( pVE/p) 

c1 coefficient of viscosity of air 

NACA RM No. hH12 

M Mach number @/a) 

a velocity of sound 

h height above fuselage  center  line,  percent E 

h' height above wlng chord  plane,  percent E 

d sidewash angle (angle between direction of a i r  flow and 
tunnel  center llne measured in the XY-plane, positive 
when the angle of a t tack at  the  vertical  tail is 
deci-eased, when the model is a t  a positfve  angle 
of  yaw), degrees 

AF'PARATUS AND TESTS 

The dimensions and detai ls  of the model are ahown in figure 2. 
The wing had a sweepback angle of 52.050 &long the leading edge and 
had NACA 641-112 a i r fo i l   sec t ions  normal to tha  0.282 chord l ine.  
The aopoct r a t i o  and taper r a t i o  were  2.88 and 0.625, respectively. 
No dihedral or t w i s t  were incorporated in the wing. The co,mtruction 
waa of laminated mahogany reinforced by steel plates, and the w i n g  
SurfaCcS were lacquered and sanded t o  an aerod$namically amooth finieh.  

The fuselage was circular  In croaa  section with a , f ineness   ra t io  
of 10.2 The diameter wa8 constant  along a section which extended 
from about 28.1 perc.snt t o  65.5 percent of i t a  length. The wing  was 
Mounted on the flrselage t o  form high-wirq, low-wing, and mfdwing c&i- 
nations A n  incidence of 2 O  -8 maintained for all cmbinations. 

The leading-edge f laps  were made of curved sheet s t e e l  welded 

2 
t o  a 1- inch-diameter s t e e l  tube (fig. 3) They extended from 40 per- 

cent t o  9 . 5  percent of the semispan and were deflected 50° from chcrd 
plane  extended, when measured in a plane no-mal t o  0.282-chord-line . 

' .  
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edge The f lap  chord w a s  conatant a t  3 -19 inches, measured normal t o  th4 
0 -282 chord l l ne .  The s p l i t  f l a p s  were made of sheet steel and  extended 
over the inb- 50 percent of the span. The chord was 20 percent of the 
w i n g  chord  normal to th3  0.282 chord Une, and the f laps  were deflected 600 
from the wing lower surface measured normal t o  the 0.282 chord l ine .  

Upper-surface  fences were used on the model whenever the leading- 
edge f laps  were deflected (fig. 3) * The fences w e r e  made from sheet 
s t e s l  and were mounted para l le l  with the model center lFne at  a w i n g  
sW;im 43 percent of the semispan, measured from the  plane of  symmetry. 
The fences were of cormtant  height, being 60 percent of the maximum 
thickness of the  local   a i r foi l   sect ion,  and extended.  over the rear 95 per- 
cent of the a i r f o i l  chord. 

Tests 

The data were obtabed  at Re’polda nlmibera of 1.93 X 10 , 6 
4 -35 X lo6, and. 6.00 X 10 6 w i t h  corresponding Mach nuaibers  of 0.08, 0 -09, 
and 0.12, respectively. The stabi l i ty   der ivat ives  were obtained from 
straight- l ine  fa i r ings of data obtained from tests  at 00 and 250 angle 
of  yaw. Extended  angle-of-yaw tests were made a t   severa l  angles of 
a t tack t o  cover  the yaw range from -50 t o  2 5 O  Etngle of yaw. 

For  the  dng-alone  testa the following flap  configurations w e r e  
used: (a)  flaps neut-, (II) s p l i t  f l a p s  deflected, ana (c)   spl i t   f laps  
and leading-edge flaps deflected with fences instal led.  For the wing- 
fuselage  tests onlg the first and third  f lap  config”at ion8 were tested.  

Air-stream surveys were =de t o  dete-e the sidewash angles and 
dynamic pressures in a r e g i o n   a p p r o a i t i n g  the location of a ver t ica l  
tail. The surveys were made w i t h  the Langle;g 19-foot t m n e l  6-tube . 
rake  (fig. 5) in a p k e  normal t o  the tunnel  center ltne and 1.71~’ 
behind the center of graviQ. (See f i g .  6.) In some cmes,  the sidewash 
sligles exceeded t he  values f o r  which the rake h d  been calibrated and 
extrapolations of the  calibrations were necessary. The extrapolated 
values are  shown by the  dot-dash lines In the figure8 * A l l  t a i l  
-surveys were made a t  a Reynolda number  of 6.00 X 106. 
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CORRECTIOTS TO  RATA 

NACA RM No. L8Hl2 

The lift,  drag, and pitching-moment  data  presented  herein, have 
been  corrected f o r  support t a r e  and interference  effects and for air- 
stream  misalinement.  The  jet-boundary  correctians  to  the angle of 
attack  and  drag  coefficient were calculated frm reference 4, which accounts - 
for wing sweep,  and are as  follows: c 

The  correction  to  the  pitching-moment  coefficient due to tunnel-induced 
distortions of t h e  wing loading is: 

A l l  of these corrections  were  added to the data. No correctfons  were 
applied  to  the rolling-moment, yawing-moment,  and  lateral-force 
coeff  iclents 

RESULTS AND DISCUSSION 

The lift, drag, and pitchin@;-mament  characteristics  for t he  wing 
with all flap  canfigurations  used & r e  presented in figure 7. The 
lateral-stability parameters a r e  given a8 functiorm of lift  coefficlent 
and are presented in figures 8 to 11. 

In figures 12 to 13, the aerodynamic characteristics are prasentad 
as a function of the angle of yaw. The  results  of  the  air-stream surveys 
are  shown in figures 16 to 19. 

Lateral-Stab,ility Parameters of the Plain W i n g  

Dihedral  effect.-  At a Reynolb nuniber of' 6.00 X lo6, the  effective- 
dihedral p m t e r  C increamd w i t h  increasing l i f t  coefficient  to a 

maxFmum value of 0.0043 at a CL of 0.95- Further increases in lift 
coefficient  caused a rapid  decrease in CZq,  which  became  negative at 

a CL of 1.08. An examination of the C curve  (fig. 8) showed t h a t  

z*  

llb 
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a decrease in the slope o f the curve be- a t  a lift coefficient of 
about 0.53. Observations of tufts on the wing surface with the m o d e l  
yawed a t  5 O  revealed that an outboard crosa  flow  started at  the t i p  
of the  t ra i l ing wing panel a t  a Q, of about 0 -53 and with  increasing -.: 

l i f t  coefficient moved Inboard along the leading edge. In reference 3, > 

a more complete f low survey showed that t h i s  wpe of flow along the 

increase in the  I lf t-curve alape. The rapid  decrease in C2 after f t  

reached its m x r h m  value waa shown ly the tuft studies t o  be c4ut3e5 by the 
spredin@; Of the s t a l l  Which be@ On the  baaing wing p-1 at a l i f t  .'\' 

coefficient of about 0.90. 

. r  baaing edge o c m d  coincidentEtlly  with IeaaTng-edge sepazation and an 

* 

. 

Directional  stabil i ty and la teral   force.-  The plain wing had neutral 
directional s t a b i l i t y  a t  zero lift but gradua-lly increased in  s t a b i l i t y  
with  increasing l i f t  coefficient up t o  a CL of 0 .TO. Beyond this point, 
the directional  stabil i ty  decreased  rapidly and the w i n g  became direc- 
tionally  unstable at  a CL of 0.76. Tple instabi l i ty   aeem to colncide 
w i t h  the decrease in the slope of the curve. Although the wing 

became stable again a t  a CL of 1-03, it was unstable at  the manlmum 
lift coefficient-  

czv 

The lateral-force paramster Cy was negl ig ib le   a t  lift coefficients 
.Ilr 

below 0 .TO but  varied from a negative value of about -0 -0075 at  a CL 
of 0.87 t o  a positive value of about 0.007 at the maximum lift coefficient.  

EPfect of Flaps on the Lateral-Stability Parameters 

Dihedral effect.- The i n i t i a l  rate of Increase in effective dihedral 
w i t h  l i f t  coefficient was s l igh t ly  reduced by f lap  deflection. The 
maximum values of C2 were Increased, however, to 0 -0055 at  a lift 

coefficient of 1.11 when the   sp l i t  f l a p s  w e r e  deflected and t o  a value 
of 0.0065 at a CL of 1.29 when both the s p l i t  f l aps  and leading-edge 
f laps  were deflected. The effective dihedral.  remained a t  a large positive 
value a t  the maxirmrm l i f t   c o e f f i c i e n t  when the leading-edge flap were 
deflectedj whereas w i t h  the p l a b  w3ng and with only the s p l i t  flape 
deflected, C became negative a t  the mum lift coefffcient. (Tuft 

surveys showed that the lea--edge f laps  delayed the t i p  stall.) 

9 

z $  

Direct ional   s tabi i i ty  and lateral   force.-   Flap  deflection extended 
the range of l i f t  coefficient in which the directional  stabil i ty  increased 
with  increasing l i f t .  With the  split  flaps  deflected, the wing became 
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directionally  unstable a t  a l i f t  coefficient of about 0 *95j and  with  both 
the  leading-edge  flaps and spli t   f laps  deflectad,  the wing  became unetable 
a t  a CL of 1.31. The large variations in direct ional   s tabi l i ty  and 

la teral   force which occurred at high lift coefficients  for  the  plain wing 
were apparent  also when the s p l i t   f l a p s  were deflected  but were minimized 
when the  leading-edge  flaps were deflected. 

Fuselage Effects on the Lateral-Stability Parameters 

Dihedral  effect.- The l a te ra l - s tab i l i ty  paramstem for the high-wing, 
low-wing, and midwing. cmbfnations are glven in figure 9 for   f laps   neut ra l  
and in  figure 10 for  f laps  deflected.  The low-wing combination had l e s s  
dihedral   effect  than the wing alonej  but, as the w i n g  position was pro- 
gressively changed from low-w- t o  high-wing position,  the  dihedral  effect 
increased. The incremnt of increase i n  Cz between the low-wing  and 

midwing combinations was about equal t o  that between the midwing and h i  
wing. The value of the increment in C a t  zero l i f t  was about 0 -000 P 
with  flaps  neutral, and 0.0007 w i t h  the leading edge and s p l i t   f l a p s  
deflected. The slopes of the C curves f o r  the wing-fuselage combi- 

nations were s l ight ly  lower  than f o r  the wing alone for the  flaps-neutral 
condition. The dihedral effect  due to   the midwing posi-t;ion was very 
small a8 had been expected. In general, the effects  due t o  the fuselage 
were of the same itude  as had  been experienced on other sweptback 

$ 

and s t ra ight  1 and 3 ) .  

Directional s tab i l i ty  and lateral force.- The fuselage  decreased the 
direct ional   s tabi l i ty  of the plain wing  by an increment in which c”* 
varied from about 0 -0012 fo r  the m i d w i n g  canibination t o  a p p r o x k t e l y  0 . O O l 5  
for the low-wing combination. The Fncrement in  Cn was almoat constant 

throughout the l i f t -coeff ic ient  range  except when the  leading edge and 
s p l i t   f l a p s  were deflected on the low-wing colriblnation; then a large 
poeitfve value of C occurred at zero lift, reducing  the  deetabilizing 

* 
y* 

coefficient, and a t  a CL of about 0.75 this reiieving  effect  became 

negligible 

The  midwing combination had the leaat   s ide force of the three combi- 
nations, whereas the low-wing cambination had the greatest. 
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Effect of Scale on Lateral-Stabil i ty Parameters 

A large scale   effect  was noted i n  the l a t e ra l - s t ab i l i t y  parameters 
for   the p l a h  wing when the Reynolds ntmiber was increased from 1.93 X 106 
t o  4.35 X 106, as  shown in figure ll. (The scale   effect  in the range of 
Remolds number from 4 35 X 106 t o  6.00 X 106 was moderate for  the 
s t a b i l i t y  parameters,  except f o r  C% a t  high l i f t  coefficients.  1 The 

man'lmlrm value of C a t  a Reynolds nWer  of 1.93 X 106 was about one- 

half its value a t  R = 6 -00 X 106 and occurred at a much lower liFt 
coefficient.  The directional s t a b i l i t y  and aide force w e r e  affected in a 
sfmilar m e r .  

2* 

A very similar ef fec t  of Reynolds nzmiber waa observed f o r  the 42* swept- 
back wing of reference 1, and consequent* it appears  advisable t o  
exercise  caution when usfng l a t e r a l - e t a b i l i Q  parameters obtained a t  low 
Reynolds numbers, especially in the moderate to high lift range on swept 
wings w i t h  conventianal a i r f o i l  ahapes.. 

When the  leading-edge and s p l i t   f l a p s  were deflected, the sca le   e f fec t  
waa negligible  throughout the range tested.  

Characteristics in Ertended Yaw Range 

The largest  deviations of the s tabi l i ty  parameters at high yaw 
angles frm those measured at tmaJl yaw angles w e r e  obtaFned in the 

ana % variations a t  high angles of Bttack. A t  an angle of a t tack 

of 16.80 the various  configurations with f laps   neutral   ( f ig .  13) shared 
a reversal  tn slope for the variation of the yawing mament w i t h  angle 
of yaw at an angle of yaw of about 100, tending to make t h e  model less 
unstable. A t  an angle of at tack of 23.30 ( f ig .  15), the direct ional  
i n s t ab i l i t y  due t o  the -elage increaaed  rapidly between the yaw angles 
of loo and 13' when t he  lea--edge and s p l i t   f l a p s  were 'deflected. 

AIR-FLOW CHARACTERISTICS I N  !EKE REGION O F  A VERTICAL "L 

It is pointed  out in reference 6 and shown in reference 1, that t he  
sidewash  angles in the  region  of the v w t i c a l  tail may be affected by 
the  wing-tip  vortices when an airplane of low aspect   ra t io  is yawed, 
especially a t  high l i f t  coefficients when the vortices are strong. 
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The r e su l t s  of the air-stream surveys (figs.. 16 to 19) show that  the 
sidewash angles due t o  yaw are appreciable a t  the higher l i f t  coefficients 
even f o r  the plain wing, but they are only very s l igh t ly  more negative 
than those f o r  the 4.20 sweptback wing of reference 1. The aspect   ra t io  
of the 42' sweptback wing was 3.94 as cmpared w i t h  2.88 f o r  t h e  Po S W O ~ ~ -  
back wing discussed  herein. The variation of the sidewash angles and 
dynamic pressure  ratios at  the tail w i t h  height above the fuselage  center 
line were very similar t o  those f o r  t he  42O uing, indicating that  the 
effect of the wFng vortices is essentially t?m ~ame f o r  the two wings. 
Unfavorable sidewash and wake characteristics  occurred a t  the  high angles 
of  attack for the high-wing canbination,  but  these  effects diminished 88 
the wing position became lower. The greater  height above the w i n g  wake 
and the end-plate e f fec t  of the wing on the fuselage vortices  (as  explained 
i n  reference 5 )  cawed the low-wing cambination t o  have favorable sidewash 
near the fuselage and a lso  a t  the higher points. 

The effect  due to  deflecting the leading-edge  flaps, and s p l i t   f l a p s  
i n   c d i n a t i o n  with the fences wa8 t o  reduce slightly  the  negative side- 
wash angles and to   came the decrease in qt/q due t o  the wiw wake t o  
be more severe. This same effect due to   f lap   def lec t ion  occurred on 
the 42O sweptback w i n g .  1 

The results of an investigation of the aerodynamic characterist ics 
in Yaw of a 52O sweptback wing Fn caznbination with a fuselage may be 
summrized as follows: 

2.  The combination of leading-edge f laps ,   sp l i t   f l aps ,  and fences 
extended the range of increase of effective-dihedral parameter w i t h  
l i f t  coefficient up to  the maximum l i f t  coefficient and increased  the 
direct ional   s tabi l i ty   to   higher  lift coefficients. In all cases, hugever, 
the wing was directionally  unstable  near the maximum l i f t  coefficient.  

3 .  The low-wing and high-wing comBinatione had lower and higher 
dihedral  effect,  respectively,  than t h e  wing alone, and the magnitudes of 
the  differences were comparable t o  those experianced on uncwcpt wings. 
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4. W i t h  flaps neutral, a l a r g e  scale  effect occurred for  the 
lateral-stabil iQ pabmeters in the range of Reynolds rimer 
from 1.93 x 106 t o  4.35 X 10 and a very moderate effect in the range .- 

from 4 35 X 106 t o  6 .OO X 106. With the conibinatim of l"-edge 
flaps, fences, and s p l i t  f l aps  t he  scale  effect was negligible. 

6 

5 .  The results of air-stream surveys s h m d  that the most favorable 
sidewash characteristics f o r  directional s t a b i l i t y  occurred for the low- 
w i n g  combination  and w e r e  about the 88me as those obtained rn a 
h 2 O  sweptback wing. 
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Figure 1.- System of axes. Arrows indicate positive directions. 
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Figure 2.- Geometry of 52 sweptback  wing and fuselage.  Aspect ratio = 2.88; 
taper ratio = 0.625; area = 4429 sq in.; E = 39.97 in. No dihedral or  
twist. (All dimensions in inches.) 

0 
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Figure 3.- Geometry of flaps and fences for  the 52' sweptback wing. (All  
dimensions in inches.) 



Figure 4.- 52' sweptback wing and fuselage mounted in the Langley 19-foot 
pressure tunnel. Low -wing configuration; f h p s  deflected. 
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(a) Photograph of rake head. 

(b) Sketch of tube head. 

Figure 5.- mngley 19-foot pressure tunnel air-stream survey rake, 
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Figure 8. - Variation of Czq, and C with CL for a 52' sweptback cn IJJ y$ 
wing with three flap configurations. R = 6.00 x 10 6 . 
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Figure 9.- Effect of wing-fuselage position on the variation of Cg@, Cnq, and , 

C with CL for a 52' sweptback wing. Flaps neutral. R = 6.00 x 10 . 6 
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Figure 11. - Effect of Reynolds number on the variation of C Z ~ ,  C, *, and 
with CL for  a 52' sweptback wing with two flap configurations. 
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Figure 12.- Aerodynamic characteristics in yaw of a 52' sweptback wing, alone and in high wing, midwing 
and low wing combinations. Flaps neutral. a = 4.30, except wing alone CI = 6.4'. R = 6.00 x 106, 
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Figurerl4.- AeFodynamic characteristics in yaw of a 52' sweptback wing alone and in high wing, midwing 
and l o w  wing comMnatlons. Leading-edge and split flaps deflected with fences installed, a 10.8O. 
R = 6.00 x 106. 
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Figure 16.- Aerodynamic characteristics in yaw of a 152' sweptback wing alone and in high wing, midwin@; Iu 
and low wing comblnatioas. Leading-edge and split flaps deflected with femes installed, 0 = 23.90. 
R = 6.00 106. 
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Figure 16.- Variation of sidewash angles and dynamic pressures at the vertical 
tail positions with height above wing chord plane, for various angles of yaw. 
Wing alone. R = 6.00 x IO6. 
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Figure 17.- Variation of sidewash angles and dynamic pressures at the 
vertical tail position with height above fuselage center line, for various 
angles of yaw. Righ-wing combination. R = 6.00 x 106. 
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Figure 18. - Variation of sidewash angles and dymmic  pressures at the 
vertical tail position wi th  height above fuselage  center line, for various 
angles of yam. Midwing combination. R = 6.00 x lo6. 
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